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Using Literature to Introduce Ratio and 
Proportion
by William P. Bintz, Ph.D.
and Sara D. Moore, Ph.D.
Sara D.
Moore, Ph.D.
William P.
Bintz, Ph.D.
If teachers address isolated content areas, a school 
day will never have enough hours for them to 
teach both literacy and mathematics adequately 
and thoroughly. However, by creating connec-
tions between content areas, teachers can help 
ensure that students have ample opportunity to 
develop both areas (Altieri, 2009, p. 346).
This article describes an instructional lesson that used 
literature to integrate literacy and mathematics and 
enhance student learning in both content areas. It 
also demonstrates how one literacy teacher and one 
math teacher collaborated and used literature to teach 
mathematics, thereby creating a shared space between 
two academic disciplines historically taught and learned 
separately. Specifically, we used one piece of literature as 
a “way-in” book to introduce ratio and proportion in a 
seventh-grade classroom.
We begin with some background on this project. Next, 
we discuss “way-in” books as a curricular resource to 
enhance the teaching and learning of content-area 
subjects and provide examples of specific books to teach 
a variety of mathematical concepts. Then, we describe 
the lesson and present samples of student work. We end 
with lessons learned from the experience and conclude 
with a final thought.
Background
William Bintz is a literacy educator and Sara Moore 
is a math educator. We conduct collaborative, class-
room-based research on the effects of interdisciplinary 
curriculum on teaching and learning, especially the 
integration of literacy and mathematics. Recently, as 
part of a professional development initiative, a mid-
dle-school mathematics teacher in a large, urban, 
mid-western school district invited William to give a 
demonstration lesson in her seventh-grade mathemat-
ics class. She asked that the lesson integrate literacy 
and mathematics and focus on ratio and proportion, 
an important but challenging topic for this teacher to 
teach and for her students to learn.
This invitation was in response to two major concerns 
in the school and across the district: state test results 
in reading and mathematics had continued to indicate 
that students were scoring at low levels of perfor-
mance, and teachers, like this mathematics teacher, had 
expressed an interest in developing and implementing 
interdisciplinary curriculum in reading and mathemat-
ics to increase student achievement in both content 
areas. As a result, we developed a demonstration lesson 
that integrated literacy and mathematics, specifically 
focused on ratio and proportion. William was sched-
uled to teach this lesson on one day during a 90-minute 
class period.
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Integrating Literacy
and Mathematics
For some time now, much research has indicated that 
literacy is important to mathematics learning (Draper, 
2002). The National Council of Teachers of Mathemat-
ics (NCTM) recommends that students do more read-
ing, writing, and discussing ideas in the math classroom 
and learn mathematical ideas in real-world contexts. In 
response, increasing numbers of teachers are integrat-
ing literacy and mathematics, not with textbooks, but 
through literature (Shatzer, 2008). There is growing 
recognition that literature, especially trade books, is 
a powerful tool to integrate literacy and mathematics 
(Burns, 2004) and that “reading, writing, and drawing 
are important to mathematics learning” (Draper, 2002, 
p. 523). Literature offers a means for mathematics and 
language skills to develop simultaneously as learners 
listen, read, write, and talk about mathematics (Hell-
wig, Monroe, & Jacobs, 2000).
There is also growing awareness of the value of using 
high quality and award-winning literature to explicitly 
teach mathematical concepts (Whitin & Whitin, 1996; 
Whitin & Wilde, 1995). Literature has many benefits 
for learning mathematics. It provides a human perspec-
tive by showing students how people use mathematics 
to solve problems; helps students connect the abstract 
language of mathematics to the real world (Whitin & 
Whitin, 1997); captures children’s imaginations and 
stimulates their mathematical thinking and reasoning; 
reinforces new concepts, as well as enhances and further 
explains concepts and skills being studied in math 
textbooks (Olness, 2007); and provides visualizations 
of mathematical concepts through vivid illustrations. 
In short, good things happen when literature is used 
to integrate literacy and mathematics. One example is 
that math scores increase when standards-based math 
strategies are combined with high-quality literature 
(Jennings, 1992). 
“Way-In” Books
“Way-in” (Keene & Zimmerman, 1997) books are 
high-quality, often award-winning, texts that provide 
students an unexpected entry (a “way-in”) into content 
area topics when little, or no, interest currently exists. 
These books are curricular tools for students to explore, 
inquire, pose questions, arouse curiosities, and pursue 
anomalies about topics that, at first, may not be of 
much interest to them, and yet might just capture their 
imaginations. These books can be used by teachers to 
provide students with access to a variety of books across 
academic disciplines, including English language arts, 
social studies, and science. See Appendix A for exam-
ples for each of these content areas.
Table 1 identifies a number of way-in books that can be 
used to integrate literacy and mathematics, and, more 
specifically, to help students grow into and eventually 
learn a variety of important mathematic topics. The 
list is annotated to include at which grade-level(s) the 
mathematical concepts can be found in the standards.
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Instructional Lesson
Recently, most states have identified and described 
classroom-based, instructional practices that research 
indicates increase student achievement within and 
across academic literacies. Michigan is one of these 
states. The Essential Practices for Disciplinary Literacy 
Instruction in the Secondary Classroom (Michigan Asso-
ciation of Intermediate School Administrators General 
Education Leadership Network Disciplinary Literacy 
Task Force, 2019) identify ten essential practices that 
“if implemented in every secondary core content class-
room (English Language Arts, Science, Social Studies, 
Mathematics) at the unit and course level, could make 
a measurable positive difference in the literacy devel-
opment and achievement of secondary students in the 
state” (pp. 1-2).
Of these, the instructional lesson described here 
focused on four essential practices: 1) problem-based 
instruction, 2) diverse texts and abundant reading 
opportunities in the school (specifically the notion that 
the teacher engages students with texts that provide 
entry ways into concepts, themes, and/or investiga-
tions of compelling issues), 3) intentional and stan-
dards-aligned instruction in disciplinary writing, and 4) 
intentional efforts to build vocabulary and conceptual 
knowledge.
With these essential practices in mind, we developed 
and implemented an instructional lesson to integrate 
literacy and mathematics and enhance student learning 
in both content areas. Specifically, we used The War-
lord’s Puppeteers (Pilegard, 2003) as a “way in” book to 
introduce ratio and proportion in a seventh-grade class-
room. This piece of literature is one book in a larger 
text set of literature developed specifically to teach ratio 
and proportion (Appendix B).
Materials
We used The Warlord’s Puppeteers to introduce this 
lesson for several reasons. From a literacy perspective, 
it is an engaging story with interesting and well-devel-
oped characters, a strong and imaginative plot, a vivid 
and interesting writing style, and colorful and comple-
mentary illustrations. From a mathematics perspective, 
the book communicates mathematics content in an 
accurate and effective way. Here is a retelling:
The story is about Chuan, a young boy in China, 
and the artist he is apprenticed to. They join a troupe 
of puppeteers on a journey to the Warlord’s palace. 
Along the way, bandits rob the troupe of their puppets. 
Chuan carves new puppets for the troupe; however, 
his puppets are out of proportion. The puppet master’s 
daughter teaches him that “it is a rule that Chinese art 
must represent the true proportions of life…the ratio 
of the head to the body must be one to six.” Chuan 
uses this rule to make new puppets for the troupe to 
entertain villagers. The Warlord attends a performance 
and promises the troupe more opportunities to stage 
exciting plays.
We also used other materials. These included pieces of 
construction paper (8.5 x 11); measuring tapes, pen-
cils, scissors, paper cut outs of torsos; a standard visual 
human body proportions sheet (Figure 1) listing such 
facts as the human figure is an average of 7 heads high, 
the distance from the hip to the toes is 4 heads, the 
width from shoulder to shoulder is 3 heads wide, the 
distance from the wrist to the end of the outstretched 
fingers of the hand is 1 head, and the distance from the 
elbow to the end of outstretched fingers is 2 heads. We 
also used a data collection sheet (Figure 2).
Figure 1.	Standard	visual	human	body	proportions	sheet.
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Procedure
We read aloud The Warlord’s Puppeteers, stopping at 
strategic times for students to share understandings of 
and ask questions about the story. After reading, we 
used the following prompt to help students write a 
retelling of the story:
We want each of you to write a retelling of the 
story. To get started, let us suppose the prin-
cipal just stuck her head into our room and 
asked, “What are you all doing?” And let us 
suppose we said, “We just finished reading a 
book called The Warlord’s Puppeteers.” And then 
she said, “I’ve never heard of that book; it sure 
sounds interesting. What is it about?” We are 
going to write down what we would tell her. 
Students went immediately to work. Afterwards, several 
students shared their written retelling with the class. 
Figure 3 illustrates one student’s retelling. 
Figure 2.	Data	collection	sheet.
Figure 3. Written retelling.
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Next, we returned to the page in the book and reread 
the part that states: “it is a rule that Chinese art must 
represent the true proportions of life…the ratio of 
the head to the body must be one to six.” We invited 
students to turn and talk to a neighbor about what 
this particular excerpt means and then share what they 
talked about with the class. Afterwards, we invited stu-
dents to test this rule by collecting data on themselves.
 
We organized students in pairs and gave each pair a 
meter stick and a data collection sheet. Using the meter 
sticks, students measured the height of their heads 
(neck or chin up) and the height of their bodies (neck 
or chin down). We told students to be careful to mea-
sure the height of their heads (a diameter measurement) 
with a straight ruler or meter stick and not half the 
circumference by wrapping a tape measure around their 
heads from scalp to chin. After taking and recording 
measurements, students used this information to com-
plete the data collection sheet. Once all students had 
entered their data, we asked them to compare the “head 
height x 6" and “body height” entries to assess the pre-
dictions made by the rule. Typically, the measurements 
are close for most middle school students, and that was 
the case for these students.
Next, we discussed other rules that appear on the 
standard body handout (See Figure 1). Once students 
explored these rules (small groups each chose a dif-
ferent rule to explore), we gave each student or group 
of students a torso without its head. Our torsos were 
paper cut-outs, about 12 inches long. Although we 
used a die cut machine to cut out ours, teachers could 
also create a template for students to trace and cut out. 
Then, we asked students to use the rules they explored 
to figure out how large the head for the torso should 
be. Students sketched and cut out a rough oval the size 
of the head. Once they had a head cut out and thought 
it “looked right,” we gave them the head that we cut 
off the torso as a check (it is important to note that for 
the torso we used, the head is a profile view and is thus 
wider than many predictions will be).
Results: Samples of Student Work
Two samples collected from this lesson are included 
below and on the next page. These work samples were 
specifically selected in order to describe and illustrate 
the contrast between a "miss" example (Figure 4), and a 
"success" example (Figure 5).
Figure 4 illustrates a “miss” example. On the one hand, 
the axes suggest that the student thought about issues 
of measurement and calculation (e.g., using lines to 
measure the height and width of the head). The width 
of the head is approximately one-third the width of the 
torso, so it is reasonably proportional given standard 
visual human body proportions mentioned earlier. On 
the other hand, the height of the head is too small. The 
total height of two heads should total the torso height 
Figure 4. A “miss” example.
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from hip to shoulder, and this does not meet that crite-
ria. From the drawing alone, it is difficult to determine 
where the student missed the mark, though we have 
some hypotheses: One, the student may have worked 
with the proportion incorrectly. In this case the head 
appears to be one-third the height from shoulder to hip 
where it should be one-half. Two, the student could 
have the right proportion and made an error in cal-
culation based on the correct ratio. Three, the student 
may have thought, measured, and calculated in one-di-
mension instead of two. That is, the student could have 
over-relied on measuring and calculating only the width 
of the head and from shoulder to shoulder rather than 
balancing width and height of the head from neck to 
hip. And four, the student could have measured incor-
rectly. For example, the student could have calculated 
in inches and measured in centimeters.
Figure 5 illustrates a “success” example. It is important 
to note that it is not a success example because of the 
beautifully drawn face and hair, although we certainly 
think it is a nice touch. Rather, it is a success example 
because of size and fit. The size of the head is appropri-
ate scale for the body and torso, and the measurements 
and calculations are accurate. Specifically, the head 
is proportional to the torso and illustrates a correct 
balance between width and height. It is consistent with 
at least two of the standard visual human body pro-
portions. The width of the head, multiplied by three, 
approximately equals the total width from shoulder to 
shoulder. The height of the head (excluding hair), mul-
tiplied by two, equals the total height from neck to hip. 
Lessons Learned
We have learned several lessons from this experience 
about mathematics instruction, instruction, literacy 
instruction, and the value of integrating the two. 
Mathematics Perspective
From a mathematics perspective we learned how stu-
dents experienced math not as solving problems, but as 
problem solving—an essential practice. The distinction 
is important. Sometimes we characterize math activ-
ities as problem solving, like solving individual word 
problems on worksheets, but they really are not. They 
are practice. There is nothing wrong with practice in 
appropriate situations, such as when students practice 
by memorizing multiplication facts, learning the steps 
of long division, calculating the relationship between 
circumference and diameter, etcetera. But problem 
solving and solving problems are not the same thing. A 
popular saying in mathematics education is, “Problem 
solving is when you do not know what to do to solve a 
problem; if you do know what to do, it is practice.” In 
this instance students were involved in problem solving 
and the problem, like the solution, was authentic (real 
world), complex (rigorous), and inquiry-driven (multi-
ple ways to solve the problem).
Figure 5. A “success” example.
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Literacy Perspective
From a literacy perspective, we learned how integrating 
Essential Practices enabled students to integrate reading, 
writing, speaking and drawing seamlessly, almost effort-
lessly. For example, reading aloud (and thinking aloud 
about) a way-in text is a theoretically sound instructional 
practice at all grade levels and across all content areas 
(Bintz, 2020). In this instance it provided students with a 
demonstration of how a proficient and fluent reader reads 
and comprehends an engaging and challenging text.
Reading the book aloud clearly captured students’ 
attention. Throughout the story, students enthusias-
tically voiced predictions (e.g., “This story is going to 
take place a long time ago in Japan or China, or some 
place like that.”), connected the book to other books 
they had read (e.g., “The people on the front looks like 
characters in a book I read about China.”), and shared 
initial questions (e.g., “What is a warlord?”). Moreover, 
posing questions and sharing ideas at different points in 
the story sustained and enhanced student interest and 
understanding throughout.
Writing and sharing retellings is an essential, compre-
hension-based practice in English Language Arts, but 
also other content areas. In this instance, we wanted to 
see whether student retellings would capture the big, or 
main, idea in the story. According to Walmsey (2006), 
A big idea can be the main point of a book, 
magazine article, argument, or film; the moral 
of a story or the underlying theme of a novel; 
what an author, poet, speaker, or artist is really 
trying to communicate; and, finally, the life 
lessons and deeper understandings a reader, 
listener, or viewer takes from a text, a work of 
art, or a performance. In reading, big ideas are 
associated with whole texts, not parts of them. 
They are not the same as the main idea of a 
sentence or paragraph. (p. 282) 
In the Warlord’s Puppeteer, the big, or main, idea of the 
story is the ratio of the head to the body must be 1:6, 
and virtually all students captured this idea in their 
retellings.
It is important to note that high-quality books, like the 
Warlord’s Puppeteer, often have several big ideas and 
multiple layers of meaning. One layer of meaning is in 
the narrative and illustrations. It is an engaging story 
that deals with traditional themes like good versus evil, 
problem posing and problem solving, and struggling to 
overcome hardships. Another layer is in social stud-
ies. The story is set in ancient China during the Tang 
dynasty; involves unusual but appropriate names of 
places (Middle Kingdom, palace, monasteries, market-
place), characters (Chuan and Warlord); and includes 
interesting vocabulary such as “apprentice,” “camphor 
wood,” and “provisions.” Moreover, the illustrations 
are vibrant and vividly depict Chinese pagodas and 
palaces, traditional clothing (robes and hats), musical 
instruments, and characters’ faces. Still another layer is 
in art. An afterword is included which describes some 
of the kinds of Chinese rod puppets that Chuan and 
his friends made in the story (e.g., rod, shadow, glove, 
and string puppets) and also includes instructions for 
making a sock puppet.
The biggest ideas in this story, however, are mathe-
matical. The story provides a context in which Chuan 
learns about ratio and proportion. Specifically, the story 
teaches that the ratio of the head to the body must be 
one to six. Interestingly enough, the  character of the 
artist in the story refers to this ratio as the “true propor-
tions of life,” a ratio that will be consistently confirmed 
and famously illustrated much later by Leonardo 
DaVinci in his depiction and explanation of the Vitru-
vian Man. Students’ written retellings, while less strong 
from a story element perspective, were clearly strong 
from a mathematical perspective. Retellings included 
explicit statements about ratio, in general, and the ratio 
between the body and the head. In addition, students 
expressed this ratio mathematically and correctly as 1:6. 
Building academic vocabulary is also an essential prac-
tice in English language arts and other content areas. 
Word Questioning (Allen, 1999) is an instructional 
practice that helps students build academic vocabu-
lary using a graphic organizer. Specifically, this prac-
tice allows students not only to define a target word, 
but also understand it from multiple perspectives. 
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Originally, we had planned to use this instructional 
practice as a culminating event in this lesson. Unfor-
tunately, we ran out of time. Nevertheless, we share an 
example of this practice when applied to mathematics, 
specifically the word ratio (Figure 6). Similarly, this 
same practice can be used in social studies, science, art, 
physical education, etcetera.
Lastly, over the years we have collaborated with teach-
ers to develop and implement many co-disciplinary, 
instructional lessons in elementary-, middle-, and 
high-school classrooms. Although the lesson described 
here occurred in a middle-school classroom, integration 
of literature and mathematics is also appropriate in the 
elementary classroom. It is a matter of selecting litera-
ture for the appropriate grade content (Table 1).
Integrated Literacy and Math Perspective
From an integrated literacy and math perspective, we 
learned the power and potential of stories to create a 
context for problem-solving. In this lesson students 
were actively engaged in problem-solving. They were 
certainly doing and learning math. They were mea-
suring, calculating (adding and multiplying), finding 
patterns in data collected, estimating (the size of the 
head using one or more rules on human body pro-
portions sheet), drawing (the head), and visualizing 
(connecting the body and torso to see the outcome). 
Perhaps more importantly, students were think-
ing and behaving like real mathematicians (Smith, 
2002). They did not analyze somebody else’s data. 
They collected and analyzed their own. Moreover, 
they recorded and organized data in table format, 
analyzed data, reported findings, and drew conclu-
sions. What is important about these processes is 
that they are the same ones used by real scientists in 
the scientific method and offer yet another example 
of how strict boundaries between content areas are 
easily blurred.
Final Thoughts
We enjoyed developing and teaching this lesson and 
believe students enjoyed it and learned from it, too. 
In large part, this was due to the fact that we did not 
spend our time lecturing students and covering con-
tent, although much content was covered. Rather, we 
spent our time demonstrating, coaching, and facilitat-
ing; and students spent their time thinking, inquiring, 
Figure 6.	Word	questioning	in	mathematics	modified	from	(Allen,	1999).
Voices from the Region - Using Literature to Introduce Ratios and Proportion
Spring 2020, Vol. 52, No. 3 71
problem-solving, collaborating, and sharing. Our time 
together was focused on one thing: learning.
We hope our experience will help all teachers across the 
curriculum ask new questions and start new conversa-
tions about how to develop and implement relevant, 
challenging, integrative, and exploratory curriculum, 
and how this kind of curriculum can be supported with 
high-quality and award-winning literature. Specifically, 
we hope our experience will inspire English language 
arts teachers develop collaborative relationships with 
teachers from other content areas, use these relation-
ships to explore co-disciplinary, even multi-disciplinary, 
connections, and develop and implement lessons that 
put these connections into action in the classroom. 
This, of course, is risky for many teachers. It requires us 
to stretch beyond the comfort of what we already know. 
It was, and continues to be, risky for us. We continue 
to take the risk because, as one literacy educator and 
one math educator, each of us have learned something 
very important from each other, namely, that keeping 
company with someone who knows things you don’t 
is a very educational experience. We hope English lan-
guage arts teachers will have the same experience.
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Appendix A
Way-in Books in English Language Arts, Social Studies, and Science
English Language Arts
Buchholz, Q. (1997). The collector of moments. New York, NY: Farrar, Straus 
and Giroux. (inference)
Crew, G. (2010). The serpent’s tale. Sydney, AU: Lothian. (theme)
Crew, G. (2005). Beneath the surface. Sydney, AU: Hodder Children’s Books. 
(mystery)
Crew, G. (1999). The watertower. New York, NY: Crocodile Books. (mys-
tery)
Nelson, M. (2005). A wreath for Emmett Till. Boston, MA: Houghton 
Mifflin Company. (poetry)
Selznick, B. (2007). The invention of Hugo Cabret. New York, NY: Scholas-
tic. (character)
Van Allsburg, C. (1991). The wretched stone. Boston, MA: Houghton Mifflin 
Company. (inference) 
Voist, C. (1993). Earrings. New York, NY: Aladdin Books. (argumentative 
writing)
Wild, M. (2006). Woolvs in the sitee. Asheville, NC: Boyd Mills Press. (plot)
Social Studies
Bunting, E. (2001). Riding the tiger. New York, NY: Clarion Books. (gangs)
Hazen, B.S. (1979). Tight times. New York, NY: Puffin Books (Great 
Depression)
Innocenti, R. (1985). Rose Blanche. Mankato, MN: Creative Education, Inc. 
(The Holocaust)
Lasky, K. (2003). The man who made time travel. New York, NY: Farrar, 
Straus and Giroux. (discovery of longitude)
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Maruka, T. (1982). Hiroshima no Pika. New York, NY: HarperCollins. 
(atomic bomb)
Norton, J. (2005). The hello, goodbye window. New York, NY: Disney Press. 
(cultural diversity)
Perez, L. K. (2002). First day in grapes. New York, NY: Lee & Low Books. 
(migration)
Tan, S. (2006). The arrival. New York, NY: Arthur A. Levine Books. (immi-
gration)
Science
Allen, P. (1998). Mr. Archimedes bath. New York, NY: HarperCollins Pub-
lishers. (scientific method/experimental design)
Balkwill, F. (2002). Have a nice DNA. New York, NY: Cold Spring Harbor 
Laboratory Press. (genetics)
Bardoe, C. (2006). Gregor Mendel: The friar who grew peas. New York, NY: 
Abrams. (biography/genetics)
Hooper, M. (2004). The island that moved. New York, NY: Viking. (plate 
tectonics)
Kramer, S. (1995). Theodoric’s rainbow. New York, NY: W.H. Freeman and 
Company. (reflection/refraction)
Martin, J.B. (1998). Snowflake Bentley. Boston, MA: Houghton Mifflin 
Books. (biography/discovery of snowflakes)
Weiser, D. (1995). June 29, 1999. New York, NY: Sandpiper. (variables)
Wick, W. (1997). A drop of water. New York, NY: Scholastic. (water behavior)
Appendix B
Text Set of Literature to Teach Ratio and Proportion
Briggs, R. (1970). Jim and the beanstalk. New York, NY: Coward-McCann. 
Clement, R. (1991). Counting on Frank. Milwaukee, WI: Gareth Stevens 
Publishing.
Gill, S. (2003). Big blue. Watertown, MA: Charlesbridge.
Jenkins, S. (2004). Actual size. Boston, MA: Houghton Mifflin.
Jenkins, S. (1998). Hottest, coldest, highest, deepest. Boston, MA: Houghton 
Mifflin.
Jenkins, S. (1995). Biggest, strongest, fastest. Boston, MA: Houghton Mifflin.
McCullum, A. (2006). Beanstalk: The measure of a giant. Watertown, MA: 
Charlesbridge. 
Parker, S. (2004). Large as life. Essex, UK: Miles Kelly Publishing.
Pilegard, V. W. (2003). The warlord’s puppeteers. Gretna, LA: Pelican Publish-
ing Company.
Schwartz, D. (1999). If you hopped like a frog. New York, NY: Scholastic.
Schwartz, D. (1998). G is for googol: A math alphabet book. Berkeley, CA: 
Tricycle Press.
Schwartz, D. (2005). If dogs were dinosaurs. New York, NY: Scholastic.
Smith, D. J. (2002). If the world were a village. Toronto, ON: Kids Can 
Press.
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